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1. Introduction

The Markov chain process, being a stochastic process, has been widely applied across a number of
scientific disciplines, particularly in climatology and agro-meteorology. By applying Markov chains, in
frost analysis, the binary state of frost days and non-frost days are simulated. Plenty of research from
around the world has established that first-order Markov chains can be employed to simulate frost days,
estimate the duration of frost-free days, and calculate persistence probabilities, thus enabling risk
assessment and agricultural planning.
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In this study, the occurrence probability and consecutive frost during frost period were investigated
based on MC1, MC2 and MC3 models. The aim of this research is to determine the probability of daily
frost occurrence and consecutive daily frost with the assistance of the optimal Markov chain model in
Baft synoptic station.

2. Methodology

Serials of daily minimum temperatures during the 1994-2024 periods for Baft synoptic station were
used in this study. Probabilities of consecutive occurrence of frost and non-frost days from a base of 0
°C threshold for cold months were analyzed using MC1, MC2 and MC3 models. Baft station lies at
29°14" N latitude and 56°35' E longitude, with an average sea level height of 2280 m, and has a cold
semi-arid climate. Climatic zoning for this station has been established using the extended De Martonne
system (Khalili, 1997).

3. Discussion and Conclusion

One of the most significant atmospheric phenomena, with strong influences on energy, transportation
and agriculture, with agriculture being most affected among these is frost. So, it is necessary to research
frost behavior, predict its occurrence, and study its properties. In this study, MC1, MC2 and MC3 models
were evaluated to forecast frost and non-frost duration. For this purpose, separate transition matrices
were derived for each day of the year with 0 °C being used as the threshold to find days with below 0
°C minimum temperatures as frost days. The Akaike Information Criterion (AIC) was employed to
determine the optimal model order. Based on AIC values, the first-order Markov chain was determined
to be the best model for forecasting the daily occurrence of frost and was 70% and 59% better than the
second- and third-order models, respectively. Furthermore, short-term characteristics of the frost and
non-frost series, i.e., conditional probabilities, and persistence on 2 to 5 day units, were well represented
using the first-order two-state Markov chain. The results indicated that the average frost persistence
probabilities for 2 to 5 day sequences were 30.12%, 22.92%, 17.70%, and 13.78%, respectively. The
chance of 2 to 5day consecutive occurrences of frost was also larger between December 3 and February
20 compared to the other months.
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